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refractive index of liquid changes by heating or cooling objects inside it. Methods for optically inhomogeneity 
exploration can be significant in researches of the diffusion process, optimization of heating or cooling elements’ 
work. 
One method of investigation optically inhomogeneous media is the method of laser refractography. It is based on 
the phenomenon of refraction of structured laser radiation (SLR) in optically inhomogeneous media and registration 
of its form deviations with the digital camera [Rinkevichyus, Evtikhieva, Raskovskaya (2011), Raskovskaya, 
Rinkevichyus, Tolkachev (2011)]. This method is in essence different from the previously known methods for 
researching of optically inhomogeneity such as schlieren and shadowgraph techniques [Settles (2001)].  
Application of laser techniques for the reconstruction of physical characteristics of medium, causing 
inhomogeneity of the refractive index it is advisable to probe medium by structured laser beams (SLB) formed by 
diffractive optical elements (DOE). Use of structured laser radiation as opposed to wide light beams allows with 
high accuracy to estimate changes of the refractive index in the boundary layer. 
Bright light fanciful curves arise on the lit table, on which a glass of water was put. Similar moving curves can be 
seen at the bottom of a shallow pond, water surface of which is roughness. This curves are caustics. Caustic is 
the envelope of light rays reflected or refracted by the curved surface or object [Born, Wolf (1999)]. But in this 
method, caustics are special lines and special surfaces near which the intensity of the light field increases sharply 
[Vedyashkina (2013)]. Other optical methods of caustics are widely used in various problems such as [Pazis, 
Agioutantis, Kourkoulis (2011), Gao, Li, Negehban (2014)]. When probing inhomogeneity by SLB caustics appears, 
its location can be determined using refractogram processing program with high precision, it is possible to solve the 
inverse task of finding properties of the inhomogeneous medium. Theory of caustics is directly related with one of 
mathematical section – the theory of catastrophes [Arnold, Gusein-Zade, Varchenko (2012)]. Computer and 
experimental 3D-visualization in laser refractography technique helps better understand the structure of 
inhomogeneity in liquids. 
2. Description of the method of shots modelling 
Diffusive layer of liquid is a special type of inhomogeneity, which appears near interface of two liquid media 
with various physical characteristics. In this work liquids with various refraction indexes are considered. The 
diffusion layer is a stratified medium, the refractive index depends only on the one Cartesian coordinate. Thus, when 
slowly pouring thin layer of less dense liquid with the refractive index n1 on the surface of optically denser liquid 
with the refractive index n2 eventually between them the diffusion layer is formed, its refractive index can be 
described by the following expression of hyperbolic tangent [Raskovskaya (2014)]: 
1 2 1 2( ) th
2 2
sn n n n x xn x
h
  § ·  ¨ ¸© ¹
, (1) 
where h – characteristic half-width of layer, xs – middle of layer. Layer’s boundaries x1 and x2 are determined by the 
level of deviation from the refractive index values n1 and n2 at 10-5 respectively. 
This type of optical inhomogeneity can be probed by SLR of various forms: line, matrix of dots, set of conical 
rings, cross lines and etc. Computer and experimental 3D-visualization of the plane laser beam refraction and 
dynamics of the caustics’ formation when changing laser plane’s elevation angle and the refractive index gradient 
are described in [Vedyashkina, Pavlov, Raskovskaya, Rinkevichyus (2014)]. 
Relation (2) is the equation of the ray trajectory in a plane-layered medium, given the refractive index 
distribution n(x) and the initial conditions z0 = z(0), Į0 – the angle under which the ray enters the medium, n0 – 
refraction index in entry point of the ray in medium: 
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boundary layer with thickness ɚ. Then transition to dependence of refraction index on temperature is realized with 
support of the following approximating dependence [Rinkevichyus, Pavlov, Raskovskay, Tolkachev (2014)]: 
   20 0,000051 ( ) 0,0000011 ( ) .n T n T r T r      (4) 
3D-refractograms of plane laser beam, which in propagated over the cold ball with the radius 8.4 mm are 
presented in Fig. 4. 
   
  
a b 
Fig. 4. 3D-refractogram of plane laser beam propagation over the cold ball in hot water and caustics (1) formation: (a) difference between 
temperatures ǻT = 50°C; (b) difference between temperatures ǻT = 60°C 
It is possible to see how 3D-refractograms change. As usually, laser sheet curved in direction of increasing 
gradient of refractive index. 2D-refractogram in this case looks like a loop, which decreases with decreasing of 
refractive index gradient (difference between temperatures). 
This case is much harder to reproduce in experiment because of this medium is very nonstationary and light 
intensity distribution in it is irregular. 
4. Conclusion 
3D-visualization of structured refractive laser radiation’s refraction makes possible to see the caustic surfaces in 
volume, as well as get qualitative notion of the optical inhomogeneity and gradient of the refractive index. 3D 
computer refractogram modeling allows optimize experiments. To solve the inverse task of reconstruction the 
properties of the medium in the method of laser refractography it is necessary to make 2D-refractograms 
registration, surveying the front wall of the cuvette, or side wall with pre-installed on it measurement screen. 
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